Introduction
In Drosophila, oogenesis offers an excellent model system for studying the genetic control of cell division and differentiation.
Oogenesis begins with the mitotic activation of the stem cell, which lies at the anterior tip of each ovariole. The daughter of the stem cell, a cystoblast, undergoes four mitotic divisions to produce a cyst of 16 sister cells. These cells, termed cystocytes, remain interconnected by cytoplasmic bridges that ensue from incomplete cytokinesis during the mitotic divisions. The bridges become modified into specific actin-rich structures termed ring canals (Yue and Spradling, 1992; Xue and Cooley, 1993; Robinson et al., 1994) . One of the two cells containing four canals will develop into an oocyte, while the remaining 15 differentiate into nurse cells. These determination events occur in a specific compart-ment at the anterior tip of each ovariole, the germarium. Before the 16-cell cyst leaves the germarium, it is surrounded by a layer of somatically derived follicle cells. The continuous post-germarial maturation of the egg chamber within the ovariole has been subdivided into 14 stages according to the subcellular structure and proportional size of the germ cells (Cummings and King, 1969) (for a complete description of oogenesis, see King, 1970; Mahowald and Kambysellis, 1980) . The otu gene is one of several genes whose products are required to regulate the differentiation of the cystoblast into an oocyte and 15 nurse cells. Females homozygous for mutant alleles of otu are sterile and display a variety of abnormalities in cystocyte division and differentiation (Storto and King, 1988) . The otu alleles have been divided into three major classes on the basis of their most common phenotypes (King et al., 1986; Storto and King, 1988) . The quiescent (QUI) class contains alleles that lead to defects in oogonial proliferation, and produce chamberless ovarioles. Alleles in the oncogenic (ONC) class produce 'ovarian tumours', which are egg chambers containing hundreds of undifferentiated germ cells. Those alleles that allow the cystocytes to differentiate as nurse cells and where egg chambers might even include an oocyte belong to the differentiated (DIF) class. Some heteroallelic combinations are fertile, which suggests that the otu products have several functional domains (King et al., 1986) . The otu gene has been proposed to act in several processes, for example; in germline sex determination (Bopp et al., 1993; Oliver et al., 1993; Pauli et al., 1993; Wei et al., 1994; Nagoshi et al., 1995 ; for a review, see Steinmann-Zwicky, 1992a,b) , in germline dosage compensation , and in cytoskeletal reorganisations within the syncytial cysts (Storto and King, 1988; Steinhauer and Kalfayan, 1992; Bopp et al., 1993; Lin et al., 1994 ; see also Theurkauf et al., 1992 Theurkauf et al., , 1993 .
Although Ott has been cloned (Mulligan et al., 1988; Chambe and Laird, 1989; Steinhauer et al., 1989) , its functions are not yet understood. The gene encodes two ovarian transcripts (3.2 kb and 4.1 kb) that are produced by alternative splicing of a common pre-mRNA (Mulligan et al., 1988; Steinhauer and Kalfayan, 1992) . The two protein products diverge by a stretch of 42 amino acids encoded by an extra exon present in the longer mRNA. The otu proteins are expressed in the cytoplasm of germ cells throughout oogenesis (Steinhauer and Kalfayan, 1992) . Based on genetic data it has been proposed that the larger, 104 kDa isoform, is required for early differentiation and division control of germ cells (Steinhauer and Kalfayan, 1992; Bae et al., 1994) . The 98 kDa isoform has been proposed to act in early stages of germ line sex determination (Nagoshi et al., 1995) and during late stages of oogenesis (Steinhauer and Kalfayan, 1992; Bae et al., 1994) . However, the specific expression patterns of the otu products could not be distinguished (Comer et al., 1992; Steinhauer and Kalfayan, 1992) .
We now report the specific expression pattern of the two otu transcripts during oogenesis. We also show that the otu function is required for the export of nuclear mRNAs, including the otu mRNA. The probe 'P4' derives from the extra exon present only in the 4.1 kb mRNA, the probe 'P3 + 4' recognizes both the 3.2 kb and the 4.1 kb mRNA. Each box represents one exon in the genomic sequence of otu (EMBU GenbanWDDBJ accession number M30825; Steinhauer and Kalfayan, 1992) . The dashed line at the end of the 4.1 kb mRNA demonstrates that the 3' end of the longer mRNA is unknown (Steinhauer and Kalfayan, 1992 ).
Results

Distribution of otu transcripts during oogenesis
We analysed the expression pattern of the 4.1 kb otu mRNA using a probe derived from the extra exon 6a (Fig.  1) . The 4.1 kb otu mRNA is expressed throughout oogenesis ( Fig. 2A,C) . The signal was most prominent in nurse cells with little or no signal in the oocyte. A detectable signal could be observed in the ooplasm at stages 8-9 only if the staining was prolonged extensively ( Fig.  2A) . At stage 10, an intense signal was seen in nurse cells (Fig. 2C) . The signal persisted until stage 11, when the nurse cells degenerated.
By using a probe common to both otu transcripts (Fig.  l) , we detected, in addition to the already described pattern, a signal that was not observed with the probe specific to the 4.1 kb mRNA. We conclude that this signal is specific to the 3.2 kb mRNA. From the germarial region 2A up to stage 9 we observed a specific signal in the oocyte (Fig. 2B) . At stage 9, the signal dispersed, transiently formed large aggregates, and then disappeared. At stages 10-l 1, an abundant signal was detected in nurse cells (Fig. 2D) . In germarial region 2A, which contains two syncytial cysts, the signal was detected in two cells in the middle of each of the syncytial cysts (Fig. 2E ). In region 2B, which contains only one cyst, a single cell expressed the signal, and in region 3 (stage 1) the otu expressing cell could be identified as an oocyte (Fig. 2F) .
In addition to the oocyte-specific accumulation of the signal, the probe common to both transcripts detected a small accumulation in the nucleus of each nurse cell. This signal was observed from germarial region 2 onwards. The accumulations grew in size and reached their maximal density at postgermarial stage 3, whereafter they disappeared (Fig. 2F,G) . Similar mRNA dots have been observed with other probes for example within nuclei of embryonic cells, and they have been proposed to represent nascent RNAs at the site of transcription (O'Farrel et al., 1989; Shermoen and O'Farrel, 1991) . The appearance of nuclear 3.2 kb otu mRNA accumulations correlated with increased chromosome polyteny. In the wild type nurse cell nuclei the chromosomes become polyploid after the cystocyte divisions are completed in germarial region 2. We observed that the mRNA accumulations grew in size as the polyploidy increased. The homologous chromosomes remain conjoined up to stage 4, whereafter the strands dissociate (Mulligan and Rasch, 1985; Storto and King, 1988) . At that stage, the nuclear 3.2 kb otu mRNA accumulations disappeared. We believe that the accumulations represent nascent transcripts associated with the template chromatin.
Localisation of otu mRNAs in otu mutants
To study whether alterations in the otu function have an effect on the distribution of the otu transcripts, we analysed the expression of otu in females which have a In otu-', a base substitution leads to a premature stop codon and to a truncation of 190 amino acids from the carboxy-terminal end of the otu proteins (Steinhauer and Kalfayan, 1992) . In otd4, a base substitution leads to a truncation of 156 amino acids from the carboxy-terminal end (Steinhauer and Kalfayan, 1992) . We included a third allele, otu', in these analyses, although it has not been characterised on a molecular level. The mutant phenotype of otu7 is reminiscent of that of otd and otd4. All these alleles belong to the 'differentiated' class, and produce mostly egg chambers with nurse cells and an oocyte. The molecular lesions and the phenotypes of the selected otu mutants are summarised in Table 1 .
With the probe specific to the 4.1 kb mRNA we did not observe any alterations in the mutant egg chambers besides some rare aggregates in a few nurse cell nuclei at stage 10 (Fig. 3A) . These aggregates were observed in otu5 and otu7 mutant egg chambers, but not in otuz4 mutants. The probe common to both transcripts detected a clearly disturbed pattern of mRNA distribution in all these mutants. We deduced that this pattern was specific Table 1 M. Tirronen et al. I Mechanisms of Development 52 (1995) [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] Summary of the different properties of the otu mutants used (see also Stotto and King, 1988; Steinhauer and Kalfayan, 1992) to the 3.2 kb mRNA. In otu5 and otu7 mutant egg chambers, heavily stained mRNA accumulations were seen associated with the nuclei of nurse cells (Fig. 3B,D) . From germarial region 2 up to stage 3 egg chambers, the accumulations were observed as in the wild type. But, while they disappeared in the wild type after stage 3, they grew in size throughout oogenesis in otd and otu7 mutant egg chambers. A drastic reduction in the cytoplasmic staining of the nurse cells was associated with the nuclear mRNA accumulations.
This reduction was most significant in vitellogenic egg chambers (Fig. 3B ). Moreover, we did not detect any oocyte specific accumulation of the 3.2 kb mRNA, although a morphologically distinguishable oocyte was formed. It appears that instead of being exported into the nurse cells and the oocyte, the 3.2 kb mRNA is sequestered within the nuclei of the nurse cells in otu5 and otu7 mutants.
In otd4 mutant ovaries, we observed the 3.2 kb otu mRNA in the oocyte, but the signal was significantly reduced as compared to the wild type. At the same time, weak accumulations of the mRNA in nurse cell nuclei were observed (Fig. 3E) . The cytoplasmic staining of the 3.2 kb mRNA in nurse cells in some stage 10 egg chambers was reduced.
Taken together, these results suggest that the otu protein is required for the nuclear export of the 3.2 kb otu mRNA. In ofu5 mutants, where the carboxy-terminal truncation of the otu protein is longer than in otd4, the mRNA export was more severely disturbed.
The pattern of nuclear mRNA accumulations correlates with the chromatin structure
The nuclear mRNA accumulations in otu mutants were observed only in the close vicinity of the nuclear membrane and the chromosomal material within the nuclei. Interestingly, the pattern of accumulations was different in otu7 and otd mutant egg chambers. In otu7 mutants, the 3.2 kb otu mRNA was observed only as a single aggregate in each of the nurse cell nuclei (Fig. 4A ). Each aggregate was attached to one of the polytene chromosomes (Fig. 4B) . In otu5 mutants, the signal was sometimes observed as several aggregates within nurse cell nuclei (Fig. 3C ). In such cells the polyploid chromosomes were dispersed and not polytenised (Fig. 4D) (Storto and King, 1988; Tapio Heino et al., unpublished) . Although our data does not rule out other explanations, the pattern of mRNA accumulation in these mutants strongly suggests that the aggregates represent nascent otu transcripts at the site of synthesis on the chromatid template.
The increased mRNA accumulation in nurse cell nuclei of otu mutants seems to be a direct continuation of the accumulation observed in the wild type nurse cells up to stage 3. In otu7 mutants the homologous chromosomes, that normally dissociate after stage 4, remain conjoined and become polytenised as the egg chambers mature. Accordingly, the mRNA accumulations keep growing as the polyploidy level increases. It has been shown earlier that long or abundant transcripts can be detected by in situ hybridisation as a band at the site of synthesis in the salivary gland chromosomes of the wild type larvae (Boyd et al., 1991; Zachar et al., 1993) . However, it is important to note, that the cytoplasmic staining of the mRNA in the 'j- nurse cells is strongly reduced, and the oocyte-specific accumulation of the signal is completely absent in otu7 and otd mutants. Therefore, our data suggest that the mRNA accumulations in otu mutants are enhanced by aberrant export of the transcripts out of the nurse cell nuclei. (Suter et al., 1989; Suter and Steward, 1991) bicoid (Berleth et al., 1988) , KZO (Haenlin and Roos et al., 1987; Cheung et al., 1992) oskar (Ephrussi et al., 1991; Kim-Ha et al., 1991) pumilio (Macdonald, 1992) and staufen (St Johnston et al., 1991) are needed either in the oocyte or in the egg, where they are transported after synthesis in nurse cells. We have shown earlier that the Bicaudal-D, bicoid and KIO mRNAs are localised in the wild type fashion in otu5 mutant egg chambers (Tirronen et al., 1992) . Now, we extended these analyses to oskar, pumilio and staufen.
Bicaudal-D
Requirement of the 104 kDa isoform for the otu mRNA distribution
Both otu isoforms are likely to be expressed from the germarial stages onwards. However, their functions in the early stages of oogenesis seem to be distinct (Steinhauer and Kalfayan, 1992; Bae et al., 1994; Nagoshi et al., 1995) . Which one of the two isoforms is required for the mRNA localisation function? To address this question, we analysed the otu expression in otd3 mutants. In otuJ3, the splice acceptor site of the extra exon 6a is altered by a base substitution. This leads to lack of the 104 kDa isoform (Steinhauer and Kalfayan, 1992) . Most of the otuJ3 egg chambers develop as 'tumorous'. Some egg chambers, however, produce nurse cells, and a minority of these egg chambers also produce an oocyte (Storto and King, 1988) .
We observed that the staufen mRNA is expressed in otd mutant egg chambers as in the wild type (data not shown). The expression of the oskar mRNA, however, was altered. The posterior pole localisation of the oskar mRNA that is normally observed in the oocyte after stage 9 (Fig. 5A,B) (Ephrussi et al., 1991; Kim-Ha et al., 1991) was reduced and diffuse (Fig. 5C,D) . This alteration was even more severe in egg chambers mutant for otu7. In both of these mutants the early transport of the oskar mRNA from the nurse cells to the oocyte, which normally takes place during previtellogenic stages (Fig. 5A) , was observed as in the wild type (Fig. SC) . These observations suggest that the otu function is required after stage 9 for the translocation of the oskar mRNA from the anterior margin of the ooplasm to the posterior pole. Nevertheless, the otu5 mutation has different effects on oskar and otu mRNA: the former being mislocalised in the ooplasm, the latter being sequestered in nuclei of the nurse cells. Although the mislocalisation of oskar is informative, it does not let us rule out the hypothesis according to which otu mRNA mislocalisation would ensue from conformational changes in the mRNA itself. With a probe specific to exon 6a, we did not observe
The distribution of the pumilio (pum) mRNA was also any signal in otuJ3 mutant egg chambers (not shown). In altered in otu5 and oru7 mutant egg chambers. In the wild contrast, the probe specific to both mRNAs detected a type, the pumilio mRNA is expressed in germ cells from clear staining pattern (Fig. 3G) . No nuclear accumulation the germarium onwards until stages 3-4, whereafter the of the mRNA, as in otzd or otu7 mutants, was observed in otuJ3 mutant egg chambers. Moreover, in those egg chambers in which the oocyte was formed, a wild typelike signal was observed in the oocyte (Fig. 3G ). These observations suggest that the 104 kDa otu protein is not essential for the mRNA localisation function of otu, and if it does participate in the localisation process, the 98 kDa isoform is able to substitute for it.
The otu function is required for the localisation of several mRNAs
The alterations in the otu mRNA localisation in the aforementioned otu mutants could, in principle, be due to some not characterised lesions in the oru transcripts themselves (see Steinhauer and Kalfayan, 1992) . If this was the case, the otu mutations would not have a similar effect on other mRNAs expressed in nurse cells. To test this, we studied the expression of several other mRNAs in otu' mutant ovaries. mRNA level is reduced. At stage 9, the expression begins again, but then it is restricted to the nurse cells (Fig. 5E ). Upon nurse cell degradation at the end of oogenesis, the pumilio transcript is transferred into the oocyte together with the contents of the nurse cells (Macdonald, 1992) . In otu5 and otu7 egg chambers, the pumilio transcript accumulated as densely staining aggregates in nurse cell nuclei (Fig. 5F ). This was observed from stage 2 onwards. The pattern of accumulations was different between otu5 and otu7 egg chambers in a similar manner as observed for the otu mRNA. In otu14 the localisation of the pumilio mRNA was similar to normal.
Taken together, our results strongly suggest that the otu protein is required for the localisation of several mRNAs within the syncytial cysts. Localisation of the otu, pumilio and oskar transcripts is dependent on the function of otu, while the localisation of the Bicaudal-D, KIO, bicoid and staufen mRNAs is not. The fact that the requirement of the otu and pumilio mRNAs for the otu function is different from that of oskar supports the view of the multiple requirements of the otu function.
The otu proteins show local homologies to the mammalian microtubule associated proteins
Since otu' and otu14 mutations are known to induce deletions in the carboxy-terminal region of the protein, we wanted to test if any entry in the SwissProt or PIR data bases would display homology to the missing domains. Earlier studies have revealed a weak homology between the otu protein and the Drosophila bag-ofmarbles (barn) protein (McKearin and Spradling, 1990) . The barn function is not known, but mutations in barn generate tumours in the germline (McKearin and Spradling, 1990) . In this sense, the barn mutant phenotype is related to that of the 'tumorous' alleles of otu. However, while the barn function is required in both male and female germline, the otu alleles do not affect male germ cells (King et al., 1978; Tirronen et al., 1993) . The homology between barn and otu is intriguing, but it does not Relative quality: 30 Similarity (%): Tg Identity (%): end and the mouse MAP2 that were found to be statistically significant. The alignments have the same roman numbers as in (A) and (B). Bars display identities, colons high similarity and dots similarity. The quality of each alignment is shown as 'relative quality , ' '% identity' and '% similarity'. The 'relative quality' takes both identities and similarities into account and also the length of the alignment, so it is a fair parameter to compare alignments inter se.
provide any explanation for the molecular function of either of the proteins.
We found that the otu protein carboxy-terminal sequence contains two domains with a statistically significant homology to regions of the human, rat and mouse microtubule associated proteins (MAP2s) (Fig. 6) . MAPS enhance microtubule assembly and they become bound to the newly formed microtubules (for a review, see Mandelkow and Mandelkow, 1995) . The otd4 is missing one domain of homology, while the od is missing both domains. Interestingly, the phenotype and the pattern of mRNA distribution is more severely disturbed in otd than in otd4 mutants. These results suggest that the homology region is required for the mRNA localisation function of otu. However, the homology does not concern the MAP2 signature domain and it is not yet possible to assess the biological significance of the homology itself. Future analyses should reveal whether the otu protein directly associates with the microtubular structures of the germ cells.
Discussion
Here, we report the specific expression pattern of the two otu mRNAs during Drosophila oogenesis. Previous genetic data suggested that otu encodes two products that are utilised at different stages of oogenesis (King et al., 1986; Storto and King, 1988) . It was proposed that of the two otu protein isoforms, the 104 kDa isoform acts in early proliferation and differentiation of germ cells, while the 98 kDa isoform acts later (Steinhauer and Kalfayan, 1992; Bae et al., 1994) . The 98 kDa isoform has also been shown to act in the sex determination of the female germ line (Nagoshi et al., 1995) In this report, our results show that the localisation of the two otu transcripts is selectively regulated. The 4.1 kb mRNA, encoding the 104 kDa isoform, is present predominantly in nurse cells, while the 3.2 kb mRNA encoding the 98 kDa isoform is localised in the oocyte up to stage 9, whereafter it appears abundantly in nurse cells. Both the 3.2 kb mRNA and the 4.1 kb mRNA become abundant in nurse cells at stage 10. Therefore, our in situ data suggest that the function of the 104 kDa is not restricted to early oogenesis. In otul' mutants, where the 104 kDa otu isoform is specifically abolished (Steinhauer and Kalfayan, 1992) , the egg chambers occasionally escape the 'tumorous' fate and form nurse cells and an oocyte. However, these egg chambers never reach maturity and arrest at pseudostage 14 (King et al., 1986; Storto and King, 1988) . These observations suggest that the 104 kDa isoform is required, not only for the early division control of germ cells, but also during the late stages of oogenesis.
From our in situ data we propose that the oocytespecific functions of otu are realised by the 3.2 kb mRNA and the corresponding 98 kDa otu isoform. The oocytespecific accumulation of the 3.2 kb mRNA was altered in otu5, otu' and otu'" mutants. In otu5 and otu' mutants, the oocyte specific accumulation of the 3.2 kb mRNA was completely blocked. It has been shown that in all these mutants the oocyte maturation is abnormal or the oocyte is unstable (Storto and King, 1988) . In otu7 mutants, some oocyte nuclei are partially transformed, and become polyploid; yet they remain distinguishable from nurse cell nuclei. Our data revealed that in the vitellogenic egg chambers of otu5 mutants the oskur mRNA is mislocalised around the cortex of the ooplasm. This seems to be due to an inefficient translocalisation of the oskur mRNA from the anterior to the posterior pole. The 98 kDa otu isoform is also likely to be required for the full maturation of nurse cells. The significant reduction in the cytoplasmic distribution of the 3.2 kb mRNA in nurse cells would explain the arrest of nurse cell maturation at stage 12 in the aforementioned mutants.
3.1. Re-evaluation of a model explaining the otu phenovpes Storto and King (1988) proposed that the otu product is required in increasing amounts throughout oogenesis, and that mutant phenotypes of otu can be viewed as graded responses by germ cells to different levels of the otu gene products synthesised in the mutant cells themselves. In the wild type, the otu proteins are expressed in increasing levels as the egg chambers mature (Steinhauer and Kalfayan, 1992) . In otu' and otuJ4 mutant egg chambers the level of the otu protein is significantly reduced. It has been proposed that the carboxy-terminal deletions destabilise the mutant proteins encoded by the otu' and otuJ4 alleles. This would then lead to a reduction of the otu protein level and, finally, to the mutant phenotypes (Steinhauer and Kalfayan, 1992) .
Our results provide another explanation for the reduction of the otu protein levels in the aforementioned mutants. We propose that the altered otu proteins in otu5 and otuJ4 mutants lead to an increased accumulation of the otu mRNA within the nurse cell nuclei. The accumulation of the 3.2 kb mRNA would in itself hinder the distribution of the transcript into the cytoplasm leading to a reduced level of the 98 kDa protein. Hence, the severity of otu phenotypes could depend on the level of the otu mRNA in the germ cell cytoplasm. This is supported by the fact that the mRNA level is more normal in otuJ4 mutants than in otu5 mutants. The egg chamber maturation proceeds further in otu14 than in otuS mutants.
According to our view, the phenotype of otu5, otu7 and otu14 mutants would in fact result from a cumulative ef-' feet of a reduced dose of several different ovarian mRNAs. This view is supported by the effect of the otu mutations on the localisation of the pumilio mRNA. The pumilio transcript is not required for oogenesis per se, but according to our view, it represents one transcript among others, that are not properly localised in the otu mutants. Earlier electron microscopy studies have detected large ribonucleoprotein (RNP) accumulations within the nurse cell nuclei of the otu' mutant (Bishop and King, 1984) . Our data suggest that the otu and pumilio mRNA form part of the RNP accumulations, but the large size of the deposits suggest that several other mRNAs may be involved (Tapio Heino et al., unpublished) .
The nature of the otu function specificity for certain mRNAs earns further attention. Nevertheless, some pleiotropic effects of otu mutations could reflect the fact that several different mRNAs are sequestered in the mutant nurse cell nuclei.
Function of the otu protein in the distribution of specific mRNAs
The otu protein has so far been observed in the cytoplasm, not in the nuclei of nurse cells (Steinhauer and Kalfayan, 1992) . Therefore, it seems unlikely that the otu protein would be directly involved in the processing or export of nuclear mRNAs. Chromatin structure is also one target of the otu function as indicated by the abnormal polytenisation in otu mutant nurse cells. Organisation of the template chromatin may well have an effect on the elongation or processing of the nascent transcripts. But, similarly, the regulation of the chromatin organisation requires a nuclear function.
Several recent studies suggest that mRNA processing, chromatin structure and cell cycle regulation are coupled, but do not establish the nature of the connection (Forrester et al., 1992; Amberg et al., 1993) . One general failure common to all mutant classes of otu is an abnormal number of germ cells (Storto and King, 1988) . In the tumorous class, the germ cells have been widely thought to have undergone erroneous sex determination, and to possess an identity of male germ cells (Bopp et al., 1993; Oliver et al., 1993; Pauli et al., 1993; Wei et al., 1993) . However, the nature of the sexual transformation is obscure, since the germ cells simultaneously express both male and female marker traits (Bae et al., 1994) . These observations suggest that the primary error in otu mutants is not in the sexual identity of the germ cells.
Could the otu function be primarily required for the regulation of the cell cycle or endomitosis? The otu gene cannot be a general cell cycle regulator, since it is required primarily in the female germ line (Tirronen et al., 1993) , but the otu function might be to modulate the properties of a general cell cycle regulation complex in a female germ line specific manner. Control of cystocyte divisions requires several functions that are not utilized in other cell types, such as centrosome-fusome association (Storto and King, 1989) , centriole migration from the nurse cell to the oocyte (Mahowald and Strassheim, 1970) , MTOC activation in the oocyte (Theurkauf et al., 1993) , specific microtubule rearrangements (Theurkauf et al., 1992; and control of nurse cell endoreduplication (Storto and King, 1988) .
The exact role of the otu proteins in oogenesis remains elusive. Nevertheless, our sequence comparison data give interesting clues about one possible molecular function of otu. Several stretches of the otu protein sequence share local homologies with the human, rat and mouse microtubule associated proteins (MAP2s). This raises the possibility that the otu function is associated with the microtubular structures of the germ cells. Microtubules are a key component in centrosomes and in the mitotic spindle, and they play a crucial role in several processes of the cell cycle. A number of recent studies have provided evidence of a link between microtubules and the localisation of specific mRNAs, e.g. the oskur mRNA (Pokrywka and Stephenson, 1991; Theurkauf et al., 1993; Clark et al., 1994) . Interestingly, mutations affecting protein kinase A (PKA) that act in the germ line to disrupt microtubule distribution, affect the localisation of the oskar mRNA to the posterior pole of the oocyte in a manner similar to what we observe in otd mutants (Lane and Kalderon, 1994) . The value of these observations is not to connect the otu function to that of PKA, but to reveal the multiple steps where otu could participate in monitoring and regulating microtubule assembly during oogenesis. Future analyses will reveal whether otu mediates its effect on cell cycle regulation and mRNA distribution by regulating some aspect of microtubule function.
Experimental procedures
Drosophila stocks
The flies were reared under uncrowded conditions at 25°C in bottles containing standard Drosophila medium (malt, cornmeal, yeast, agar, propionic acid, Nipagin). The mutant strain of otuJ3 was reared at 18°C to enhance the germ cell maturation in favour of the 'differentiated' egg chambers (Storto and King, 1988) .
mRNA hybridisations in situ
In situ hybridisations to whole gonads were performed according to Tautz and Pfeifle (1989) with modifications according to Anne Ephrussi, Tom Serano and Robert Cohen (personal communication) .
The first fixation of dissected tissue was made by adding 1 vol. of 4% paraformaldehyde (in 100 mM Hepes, pH 6.9, 2 mM MgS04, 1 mM EGTA) and 4 ~01s. heptane to the tissue in an Eppendorf tube, which was shaken vigorously for 20 min. The fixation solution and most of the heptane was replaced with an equal amount of methanol and shaking was continued 3 min. The tissue was rinsed with methanol, then with a 1:3 solution of methanol in ethanol and finally with ethanol, then stored in absolute ethanol for at least 2 h at -20°C. The second fixation and permeabilisation were performed as follows: the ethanol was replaced by methanol and the tissue was incubated at room temperature for 3 min. Then the tissue was rinsed 5 min in a 1:2 solution of methanol in PP (PP is 4% paraformaldehyde in phosphate-buffered saline (PBS) with 0.1% Tween-20) and fixed for 20 min in a 1: 10 solution of dimethylsulfoxide (DMSO) in PP at room temperature. Following several rinses in PBT (PBT is PBS including 0.1% Tween-20), the tissue was treated with proteinase-K (50pg/ml in PBT for 30 min at room temperature). The treatment was stopped by three consecutive washes with a solution of PBT, the first one containing 2 mg/ml glycine, then fixed a third time for 20 min in PP. The samples were then rinsed for 15 min with five changes of PBT. The hybridisation and washing were performed according to Tautz and Pfeifle (1989) .
Sequence comparisons
In a first step, stretches of the otu polypeptide were compared to the SwissProt and PIR databases using the program Blast (Altschul et al., 1990) . After the selection of sequences showing enough homology to the carboxyterminal end of the otu protein, they were in a second step compared pairwise to otu using the GCG (Genetic Computer Group software) program Compare. By selecting a large window size (40) and a relatively high stringency (21) we wanted to favour rather long areas of homology. From the result of the matrix comparisons (shown as dots in Fig. 6B) , we selected the areas of homology from the otu protein carboxy-terminal end that are affected by the otu5 and otu14 mutations for further analyses (shaded on Fig. 6B) . In a last step we used the GCG program Bestfit to find the optimal alignment in the area of homology (Fig. 6D) . The comparison between bag-of-marbles and ~tu (McKearin and Spradling, 1990 ) is included as a reference (Fig. 6A,D) . The same parameters were used for all comparisons.
